The Near-Earth Object Wide-Field Infrared Survey Explorer (NEOWISE) mission continues to detect, track, and characterize minor planets. We present diameters and albedos calculated from observations taken during the second year since the spacecraft was reactivated in late 2013. These include 207 near-Earth asteroids and 8,885 other asteroids. 84% of the near-Earth asteroids did not have previously measured diameters and albedos by the NEOWISE mission. Comparison of sizes and albedos calculated from NEOWISE measurements with those measured by occultations, spacecraft, and radar-derived shapes shows accuracy consistent with previous NEOWISE publications. Diameters and albedos fall within ± ∼ 20% and ± ∼ 40%, 1-sigma, respectively, of those measured by these alternate techniques. NEOWISE continues to preferentially discover near-Earth objects which are large (> 100 m), and have low albedos.
Introduction
Observing asteroids at infrared wavelengths is an effective method for calculating diameters for large numbers of asteroids. Since asteroid albedos can vary by approximately an order of magnitude, sizes estimated from reflected visible light fluxes alone have large uncertainties. Combining diameters calculated from infrared fluxes with visible magnitudes yields albedo measurements. Together, diameter and albedo measurements are basic physical characterizations that enable further investigations, including studies of asteroid families (Masiero et al. 2013; Walsh et al. 2013; Carruba et al. 2013; Milani et al. 2014; Masiero et al. 2015a,b) and size-frequency distributions (Zellner 1979; Gradie & Tedesco 1982; Tedesco et al. 2002; Bus & Binzel 2002; Mainzer et al. 2011b; Grav et al. 2012a Grav et al. , 2011 Bauer et al. 2013) .
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We present diameters and albedos of asteroids from the second year of the NEOWISE mission following the reactivation of the spacecraft from hibernation in late 2013. Diameters and albedos of asteroids from the first year of the NEOWISE mission following reactivation are given in Nugent et al. (2015) . NEOWISE is a space-based infrared telescope that obtains an image of the sky every eleven seconds simultaneously in two bands, W1 (3.4 µm) and W2 (4.6 µm). From its sun-synchronous orbit around Earth, NEOWISE observes the entire static sky every six months. The original mission, WISE, is described in detail in Wright et al. (2010) , and the NEOWISE enhancement to the mission is described in Mainzer et al. (2011a) . After successfully completing its prime mission in 2011, the WISE spacecraft was placed into hibernation for 32 months before being reactivated and renamed NEOWISE in late 2013. The NEOWISE reactivation mission is described in Mainzer et al. (2014a) .
The goals of the NEOWISE mission are to discover, track, and characterize minor planets. Images and extracted source lists from all phases of the WISE and NEOWISE missions have been delivered to the public via the Infrared Science Archive (Cutri et al. 2012 (Cutri et al. , 2015 , NASA's designated archive for infrared astronomical data.
During the initial portion of the mission, NEOWISE employed four channels; 3.4, 4.6, 12, and 22 µm. The longest two wavelength channels required cooling to < 8 K using a dual-stage solid hydrogen cryostat. Diameters and albedos for a variety of small body populations were calculated using this fully cryogenic portion of the mission (see Table 1 ).
As the cryogen was depleted, the 12 and 22 µm channels became inoperative; after this, the mission continued for several months using only its 3.4 and 4.6 µm channels. A summary of near-Earth asteroid (NEAs) and main belt asteroid (MBA) albedos and diameters calculated during various phases of the mission is given in Table 2 . These measurements have also been submitted to NASA's Planetary Data System. Thermal model calibration results, including comparison of cryogenic WISE/NEOWISE-derived diameters to other 3 observations, are given in Mainzer et al. (2011c,d) .
This second year of data also provides multi-epoch observational data of uniform quality that can be used to better constrain the sizes, shapes, rotation state and thermophysical properties of the 9,092 asteroids in the reactivation Year 2 sample.
We present preliminary diameters and albedos calculated from NEOWISE Year 2 Reactivation mission observations, which spanned 13 December 2014 to 13 December 2015.
Diameters and albedos calculated from NEOWISE Year 2 Reactivation mission observations will be submitted to the Planetary Data System.
Discoveries and follow-up
NEOWISE discovered 198 near-Earth asteroids and comets during Years 1 and 2 of the Reactivation mission. In addition to observing 175 NEAs that had not had diameters measured previously from NEOWISE data, the Year 2 Reactivation mission obtained thermal infrared observations at additional epochs for 32 NEAs. NEOWISE typically observes asteroids ∼ 10 − 12 times over ∼ 1 − 1.5 days, and requires a minimum of 5 detections of a discovery candidate for submission to the Minor Planet Center (MPC).
NEOWISE observes with a fixed observing cadence, and additional follow up observations are usually necessary to confirm that new minor planet candidates have been discovered. Since NEOWISE cannot perform targeted follow up on its own, these observations must be made by ground-based observers. Given that near-Earth objects (NEOs) are of a population of special interest, NEOWISE candidate NEOs are listed on the MPC Near-Earth Object Confirmation Page (NEOCP) to facilitate follow up. NEOWISE regularly relies on many ground-based observers for follow up, including Spacewatch, observers at the Institute for Astronomy at the University of Hawaii, the Las Cumbres Observatory Global telescope Network (LCOGT), the Magdalena Ridge Observatory, the Table 1 . Diameters and albedos for various small body populations, calculated from fully cryogenic (3.4, 4.6, 12 and 22 µm bands) NEOWISE mission data.
Mt. John Observatory, and a number of amateur observers across the globe to coordinate follow up of particular objects. The NEOWISE team was granted eight hours each semester of Target of Opportunity observing time on Gemini Observatory's Gemini South telescope (Hook et al. 2004 ) as well as time on the Blanco 4m/Dark Energy Camera (DECam; Flaugher et al. 2015) , and was granted Co-I status on the LCOGT NEO follow up program.
Access to these facilities is vital for following up of discoveries deep in the Southern
Hemisphere. (Brown et al. 2013) , and the Catalina Sky Survey (Christensen et al. 2015) . Observers on Mauna Kea using the University of Hawaii 2.2m telescope and the Canada-France-Hawaii Telescope's Megacam imager repeatedly obtained follow-up of objects under challenging observing conditions (e.g. Tholen et al. 2014) . The Mt John University Observatory (observatory code 474) obtained valuable observations of 2015 OA 22 . NEOWISE discovered this object at −70
• declination, and ephemerides showed it was moving further South. The Mt John University Observatory was able to track the object to −78
• declination, confirming the discovery.
NEOWISE submitted several candidate objects to the MPC that were not placed on the NEOCP based on an initial orbit determination that indicated they were not NEOs.
These did not receive targeted follow-up. Fifty-seven non-NEO NEOWISE discoveries made during the Reactivation mission do not have associated orbits. Additionally, there were eight objects (main belt asteroids, Hungarias, and Mars-crossers) detected solely by NEOWISE that were given provisional designations by the MPC; all of these objects have poorly determined orbits. Without well-determined orbits, distance at observing time cannot be computed accurately, and therefore diameters were not determined for these 
Comets
The NEOWISE Reactivation mission has detected over 100 comets, including eight discoveries (four of which were made after the end of the second year of observations).
The NEOWISE spacecraft is sensitive to the presence of coma dust, as well as the CO-line (4.67 µm) and CO 2 -line (4.23 µm) emission from comet comae from gas species which are obscured or completely blocked by Earth's atmosphere (Figure 2) . Analysis of the excess emission at 3.4 µm by Bauer et al. (2015) provided CO+CO 2 production rates and limits of the first four comets discovered by the NEOWISE Reactivation mission.
The infrared wavelengths provide a thermal emission and reflected light dust signal that can characterize a unique regime of dust particle sizes through analysis of the dust coma morphologies . The NEOWISE multi-epoch observations of many of the comets detected so far provide characterization of long-term cometary behavior regarding these aspects of dust and gas emission. The gas and dust properties of the Reactivation Year 1 and 2 survey comet sample will be described in a later work.
Methods

Extraction of Detections
The methodology for extracting detections of minor planets from the NEOWISE source lists, as well as methods of diameter and albedo computation follows the description in Nugent et al. (2015) , with the one exception described in Section 3. Several steps are taken to prevent confusion of small body detections with fixed background sources such as stars and galaxies. We reference the WISE All-Sky Source Catalog, which is derived from a co-add of multiple exposures, covering the sky. This is a significantly deeper image than the individual L1b images, and pixel outlier rejection suppresses moving solar system objects. Therefore, it is useful for identifying fixed sources in the L1b images. The WISE Moving Object Pipeline System (WMOPS), which identifies moving objects in the NEOWISE images, compares single-exposure detections to reference images before any detections are submitted to the MPC. However, as an additional precaution, we also compare the single-exposure detection list to the All-Sky Catalog. Any single-exposure detections found to be within 6.5 arcseconds (the size of the 3.4 and 4.6 µm NEOWISE point-spread function) of a WISE All-Sky Source Catalog source with SNR ≥ 3 were removed.
The resulting asteroid detection table was then stripped of measurements with associated poor quality flags. Each NEOWISE detection is graded for quality, as described in Cutri et al. (2015) . Detections with "ph qual" values of "A", "B", or "C" were accepted, this photometric quality grade ensures that the source was detected in the band with a flux signal-to-noise ratio < 2. Additionally, detections must have "cc f lags" values of "0" or "p", indicating that either the source was unaffected by known artifacts ("0"), or perhaps is impacted by a latent image left by a bright source ("p"). The value of "p" is conservative;
it indicates the source is likely unaffected by a latent image, but possibly may be slightly contaminated. Finally, only frames graded "qual f rame'="10" or highest quality by the quality assurance process were used.
The WISE Science Data System pipeline profile-fitting magnitudes are used for each band (Cutri et al. 2015) . A minimum of three detections with measurement uncertainties σ mag ≤ 0.25 mag were required for thermal fits. Saturated detections, with a W1 magnitude ≤ 8.0 or a W2 magnitude ≤ 7.0, were discarded. The photometric measurements used for each asteroid are listed in Table 3 .
H and G values
For each diameter, a corresponding albedo is also calculated, using an absolute visual H and G values in this work when they were available for the asteroids in our sample. This is a departure from the methods in Nugent et al. (2015) , which employed MPC database H
and G values as no large replacement dataset was available at that time. Unless specified otherwise, G is assumed to be 0.15 ± 0.1 mag, and the error in H is assumed to be ±0.3 mag.
Diameter and albedo calculations
The effective diameter d of each asteroid and geometric optical albedo p v were then calculated from the resulting verified, high-quality minor planet measurements using the Near-Earth Asteroid Thermal Model (NEATM; Harris 1998). The implementation used in this work is detailed in Mainzer et al. (2011c) . It assumes a spherical object with no rotation, no nightside emission, and a temperature distribution given by:
where θ is the angular distance from the sub-solar point. T max is the sub-solar temperature, defined as:
where A is the bolometric Bond albedo, S is the solar flux at the asteroid, η is the beaming parameter, is the emissivity, and σ is the Stefan-Boltzmann constant. The beaming parameter η adjusts the temperature distribution, and variation of η can be due to non-spherical shapes, rotation rates, spin pole orientation with respect to observer, surface thermal inertia, phase effects, etc.
After a best-fit diameter is found, twenty-five Monte Carlo trials were run to evaluate the errors introduced by the uncertainty in the flux measurements. The corresponding uncertainties in diameter and albedo, along with the H and G values used as inputs to the thermal model, are reported in Tables 4 and 5 .
The NEOWISE survey cadence observes each object over ∼ 1.5 days on average, and sometimes re-observes an object ∼ 3 to ∼ 6 months later at a different distance and viewing geometry. These separate epochs, defined as observations separated by > 10 days, the typical amount of time for viewing geometry of NEOs to change significantly, were fit separately.
NEAs were treated differently than Mars-crossing and main belt asteroids, because of the different characteristics of the populations and different phase angles as demonstrated in Mainzer et al. (2011b) and Masiero et al. (2011) . In most cases, NEAs were fit with η = 1.4 ± 0.5. If both bands were thermally dominated, a beaming parameter was fit. A ratio of p IR /p V = 1.6 ± 1.0 was assumed for NEAs. Mars-crossing and main belt asteroids were fit with η = 0.95 ± 0.2, and the ratio of p IR /p V was taken to be 1.5 ± 0.1 in most cases. These assumptions were necessary because if only one thermally dominated band is available, a beaming parameter cannot be fit; similarly, with only the 3.4 and 4.6 µm bands, we cannot fit p IR because there is not enough information to constrain it.
As noted in Tables 4 and 5 , some objects were fit with alternative beaming parameters and p IR /p V ratios. In rare cases the standard assumption of η = 1.4 ± 0.5 and η = 0.95 ± 0.2 for NEAs and MBAs, respectively, lead to poor fits. Poor fits are indicated by abs(H observed − H modeled ) > 0.5 or unphysical values of p V , generally taken to be p V <∼ 0.02, p V >∼ 0.6 ). In cases where a poor fit is obtained, we use the constraints on H magnitude errors and physical limits on albedo to exclude unphysical results, and rule out certain beaming and p IR /p V values. A series of broadly-spaced beaming values (in increments of 0.2) and p IR /p V ratios (in increments of 0.5) were tried; in these few cases, the associated errors were increased. These spacings were chosen so that in most cases only a single pair of beaming and p IR /p V ratios would produce a good fit.
NEATM is only effective if at least one of the wavelength bands employed is dominated by thermal emission. Therefore, any object found to have < 75% thermally emitted light (generally the cooler outer main belt objects) in both bands was removed from the results.
This determination is made after an initial fit to the object is completed and estimates of thermally emitted and reflected light can be computed.
Results
Thermal fit results for NEAs are presented in Table 4 ; Table 5 contains the fit results for Mars-crossing and main belt asteroids. When objects were observed at multiple epochs, a measurement of diameter and albedo is given for each epochs.
Some asteroids have diameters and albedos calculated from earlier NEOWISE measurements (Mainzer et al. 2011b; Masiero et al. 2011; Mainzer et al. 2012a; Masiero et al. 2012; Nugent et al. 2015) . shapes (Benner et al. 2015) , and two, (951) Gaspra and (253) Mathilde, were observed by spacecraft and had shape and size determined from resulting images (Thomas et al. 1994 (Thomas et al. , 1999 . These comparison cases were not preselected on light curve amplitude.
When three-dimensional shapes were known, comparison was made to the average of the length of each axis. As illustrated in Figure 4 , a Gaussian fit to a histogram of
, and a Gaussian fit to a histogram of
We report the Gaussian-fit 1 − σ uncertainty of 20% on diameter, and 40% on albedo, based on the comparison to diameter measurements made with other techniques known to produce highly accurate diameters. This encompasses the systematic uncertainties in the comparison measurements (radar, stellar occultation, and spacecraft measurements), the range of ways that actual objects do not precisely match with the assumptions of NEATM, as well as the color corrections derived for the WISE filters (Wright et al. 2010 ).
The diameters and albedos of NEOWISE Reactivation discoveries are compared with the diameters and albedos of objects detected during Reactivation operations in Figure 5 .
NEOWISE continues to discover large objects (> 100 m), as well as low-albedo objects.
Potentially Hazardous Asteroids
Potentially Hazardous Asteroids (PHAs) have been defined as objects with H ≤ 22.0 mag and a Minimum Orbit Intersection Distance (MOID) of 0.05 AU. The MOID is a measurement of the smallest distance between two orbits (Sitarski 1968; Gronchi 2005) .
Since many NEAs do not have measured diameters, the H limit was used as a proxy for
size. An object with p V =∼ 0.14 and H = 22.0 mag corresponds to an object ∼ 140 m in diameter.
Using the PHA definition as defined by 
Conclusion
NEOWISE continues its mission to discover, track, and characterize minor planets.
This release of diameters and albedos for 9,092 asteroids measured using NEOWISE Year 2 observations increases the total number of asteroids with measured diameters and albedos by 1,440, enabling further studies of NEAs and other asteroids by the scientific community and provides multi-epoch infrared observations that support more detailed thermophysical modeling studies. Comparison to diameters measured by other methods shows that measured diameters continue to be accurate to ∼ 20 + % during the Year 2 Reactivation mission. NEOWISE continues to preferentially discover large (> 100m), low-albedo NEOs.
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